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There seems no doubt that the opto side of nitride development is headed for commercial success, 
and is being driven by serious commercial developers. Although substrate choices remain the hotly 
debated topic (internally within those companies and externally in developer forums), nitrides for 
optoelectronic applications appear to be of growing interest to the speculative investment 
community. Thus near term prospects for commercial suppliers focusing on volume production of 
nitrides, for everyttiing from displays to replacements for white lamps, look quite good - provided 
the designs do not demand optimum substrates, or are based on designs and processes that cope well 
with lattice mismatches;defects, and the myriad of other problems lurking beneath the bright lights. 
W hen it comes to the elec- tronic side of the nitrides, things don’t look all that 
promising, despite the superb research 
underway. Critics and prognosticators 
feel the term ‘development’ is actually 
an oxymoron when used in the context 
of ‘GaN development.’ The primary 
question at the heart of the pessimism 
is: will some commercial entity (or en- 
tities), with the necessary bravery and 
clout it takes to succeed, step up to 
the plate and deliver nitride electronic 
device researchers and government 
funding catalysts the home run they’ve 
been lobbying for? 
The first commercial catalyst to 
give GaAs electronics its mainstream 
validation was Seymour Cray when he 
selected GaAs digital ICs as the under- 
lying device technology for his radical 
generation of Cray supercomputers. 
Cray went bankrupt and Seymour 
himself has since passed away and only 
now are GaAs analog/MMIC develo- 
pers enjoying true mainstream suc- 
cess. Digital GaAs is yet to achieve 
that status. The moral of the story? It 
truly does takes time for ‘new’ com- 
pound semiconductor electronic de- 
vices to make it in this world. 
Here we go again, this time with the 
nitrides. Time and again one hears peo- 
ple mutter “it’s GaAs all over again.” 
Most of them are silicon people, of 
course. Some things never change. 
Funny how justifiably ‘risk adverse’ a 
programme manager can be when their 
choice means putting their troops, or 
their corporation on the line. 
Where are the sample volumes 
with controlled processes that provide 
the needed reliability data? Do only 
sexy prototypes exist, or are people 
just keeping their cards close to their 
chest? Is there more going on behind 
closed foundry doors than we’re being 
led to believe? And the inevitable rea- 
lity check at this juncture: who’s going 
to play banker? 
When it comes to straight talk 
about nitrides for real world applica- 
tions in the electronic sector, here are 
some of the things that jump out as 
warning signs that indicate the field 
really is still too ‘researchy: 
To the perceptive eye of a seasoned 
veteran who likes to take longshots, 
those same ‘flashpoints’ might also in- 
dicate that the situation could change 
in the blink of an eye with a lucrative 
contract from a foundry customer or 
licensing agreement matching one of 
the superstar laboratories with a vo- 
lume fab. 
Foundries, unlike fabs, are the 
middlemen. They essentially provide 
the hand-holding and personalized at- 
tention to nurse new decisions to high 
volume production-worthy status. 
Flashpoints in second 
quarter 1997 
What follows is a litany of flashpoints 
highlighting my interpretation of cur- 
rent electronic nitride device ‘develop- 
ment.’ 
Shifts in epitaxial alchemy sur- 
rounding what are generically called 
‘the nitrides’ are becoming common. 
The combinations that look good to- 
day may not be tomorrow’s winner. A 
bevy of good entrepreneurial conten- 
ders, especially in the USA, are putting 
electronic development efforts on the 
back burner and concentrating almost 
exclusively on opto. Who could blame 
them? Most have learned to hedge 
their bets and are providing nitride 
foundry capability as just one flavor 
of epi expertise. They’re wisely in the 
epitaxial foundry business, not just ni- 
trides. With their development of ni- 
trides for electronic devices on virtual 
hold, yet tagged as ‘obviously promis- 
ing,’ the substrate situation and other 
cost-related aspects could improve, 
and/or a meaty order from a foundry 
customer for a manufacturable RF or 
power device design could instantly 
take top priority. 
Manufacturing processes are being 
defined and put in place at foundries, 
and they are state of the art processes. 
Keep a close eye on EMCORE, for ex- 
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ample. Their successful public offering 
in March, plus the fact that accessibil- 
ity to top of the line MOCVD ma- 
chines is no barrier for entry to them 
(since they make their own) puts them 
in an enviable position of being un- 
iquely capable of ramping up their 
packaged ready devices when, and if, 
lucrative orders come in. Being first 
to market is of paramount concern to 
foundry customers. 
All foundries are different alike, 
and all who offer nitride foundry ser- 
vices, or could offer it (due to their epi 
expertise), are well worth tracking. 
Once again, the US looks dominant, 
especially when it comes to fielding a 
growing number of aggressive, ta- 
lented startups. 
Remember, there are a lot of 
MOCVD and production MBE ma- 
chines out in the field, squirreled away 
in the large system houses. Couple that 
with the advent of online design li- 
braries, plus top quality reactors, and 
cycle times can dramatically shrink. 
Volume production could very well 
be underway, for all we know. Millions 
of basic GaAs HBTs and HEMT de- 
vices were already fielded before many 
observers ever noticed. Market re- 
searchers can only work from data re- 
ported by the companies they 
interview. 
An aggressive search for foundry 
‘partners’ is underway. As the GaAs 
merchant business taught everyone, 
ideally you want at least ten good, solid 
customers to each represent no more 
than 10% of your customer base. These 
days, that’s feasible, since a growing 
number of systems design houses find 
themselves hitting the silicon perfor- 
mance wall. Like it or not, their only 
alternative is to turn to the compounds 
- and more of them are getting 
comfortable with the notion. 
$55 million give-aways are over, The 
reality of the Cold War’s end is that 
America is as bankrupt as Russia, and 
the US military establishment will 
continue to bear the brunt of the ne- 
cessary cuts. The few measly million 
applied to assuring everyone’s on the 
same wavelength, is perhaps the best 
that can be hoped for. 
SEMATECH, for example, has 
publicly stated that it will include 
compound semiconductors on their 
next roadmap. That would be a first. 
If volume demand breaks loose, there 
could be a lot of epi expertise ‘for sale’ 
by acquisition. 
Despite efforts by technology 
champions, like the Office of Naval 
Research’s (ONR) Max Yoder and 
Wright Lab’s Laura Rea, the best out- 
come one can hope for with tragically 
diminishing budgets, may be a work- 
able set of standards so that if the mili- 
tary does ever need a given key device 
in decent quantity, their mini-Manhat- 
tan Project collective might actually be 
able to produce it. In a perfect world, 
commercial off the shelf parts will suf- 
fice; the distinctiveness being in how 
they’re put together in a system. 
Everyone’s waiting for another De- 
partment of Defense (DOD) program 
the size and clout of the old GaAs MI- 
MIC programme, but the days of the 
Most of the government funding is 
still categorized as basic research. No- 
body has down selected to any particu- 
lar device program, although RF 
performance is definitely in the lead. 
There is some truly excellent work 
being done in the key US university 
labs right now, in what is shaping up 
to be a contest among the masters. Ex- 
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pect to see to outdo one another in RF 
performance feats. 
Key professors and their groups to 
watch especially closely include 
Umesh Mishra at the University of Ca- 
lifornia Santa Barbara, Hadis Morkoc 
at the University of Illinois, and Les 
Eastman of Cornell. And the latest 
news is that Asif Khan has resigned 
from APA Optics to establish a micro- 
electronics facility at the University of 
South Carolina. 
Word on the street is that the De- 
fense Advanced Research Projects 
Agency (DARPA) is getting out of 
electronics altogether - we’ll see. 
Even if it does (which could be very 
interesting), there are some relevant 
nitride-related programs underway, 
with interesting new ones publicized 
as coming up. But DARPA, could very 
well have its mandate shifted with re- 
searchers and programme managers 
having little, if any, say. 
Current DARPA programs of spe- 
cial interest within nitride R&D cir- 
cles are the Megawatt Solid State 
Electronics program, and one for 
High Power Solid State Electronics 
Joint Research, sponsored by the Elec- 
tric Power Research Institute (EPRI) 
and DARPA, both under Elliot Brown 
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at DARPA/ETO. 
On the flip side, the opto explosion 
for nitrides proves you don’t really 
need government backing at all, once 
a technology has successfully gradu- 
ated from its university ranks. Nichia’s 
Shuji Nakamura proves it doesn’t even 
have to incubate behind ivy covered 
walls! Good ideas that work will al- 
ways attract the market’s eye - espe- 
cially in these days of instant 
communication. 
Progress in bulk nitride 
growth 
III-VsReview has been unique in its on- 
going coverage of the progress in GaN 
bulk growth. The Polish Academy of 
Sciences made people realize it was 
possible. We’re now getting stepped 
up progress from Russia and America 
as well, at PhysTech WBG in St Peters- 
burg, Russia, at the Ioffe Institute and 
at Cornell University. 
An update and clarification to the 
information from PhysTech that was 
included in volume 10 issue 1 of III-l/s 
Review comes from KonstantinVVassi- 
levski .“I would like to emphasize that 
Physics and Technology of Wide Band 
Gap Semiconductor Research Group 
(PhysTech WBG) was founded in 1978 
and belongs to the Semiconductor De- 
vice Physics Laboratory of A.F. Ioffe 
Institute, Russian Academy of Science. 
During the period from 199?1 to 1996, 
we worked under a research contract 
with Cree EED, Russian affiliate of 
Cree Research, Inc. Currently we are 
not working under a contract with 
Cree EED. Our recent results will be 
reported at future conferences.” 
In the USA, stepped up efforts are 
underway, primarily at Cornell Univer- 
sity’s Ithaca, New York, MBE facility, 
under the Cornell ONR Multidisci- 
plinary University Research Initiative 
(MURI) program, which includes 
Cornell, Rennsselaer Polytechnic In- 
stitute (RPI), Northrop Grumman 
and the Universities of Essex and Car- 
diff in the UK. The team is led by Cor- 
nell’.. Lester E Eastman. 
According to Les, and as stated in 
the team’s FY97 first quarter report,“in 
order to limit the pressure and tem- 
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perature of bulk GaN to reasonable va- 
lues, a study has been made of various 
metal alloy melts. The growth capsule 
has been designed, and the growth 
pressure and temperature effects will 
now be studied with these melts.” 
Team member A. Ruoff shares the 
details of their approach to GaN bulk 
crystal growth further: “Using the nu- 
trient growth method to grow GaN 
crystals, we use high purity GaN pow- 
der as the nutrient and a liquid Ga-me- 
tal alloy solution as the solvent-catalyst 
for the growth of a seed crystal. It is 
necessary that the reaction MxN + 
Ga-M (metal) (large supply of solu- 
tion) = > GaN + Ga-M (large supply 
with 1 mole of Ga subtracted and x 
moles of M-metal added) has a nega- 
tive Gibbs free energy of formation.” 
After looking at several metals, the 
team has chosen a specific metal to be 
a candidate for the experiment. “We 
have designed an experimental cap- 
sule for carrying out quantitative solu- 
bility studies as a function of 
temperature and pressure. These stu- 
dies will be performed during the next 
quarter. The results of those studies 
will form the basis for design of the 
crystal boule growth system.” 
The leading edge work in the USA 
on nitrides at the basic materials and 
sophisticated semiconductor device 
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level is still being fueled by the US 
DOD, which is having to make do with 
ever shrinking funds. The best effort 
on the GaN front that I’ve seen to date, 
that focuses attention on where the US 
taxpayer monies might actually do the 
most good, is in the ONR-inspired 
MURI and DURIP (Defense Univer- 
sity Research instrumentation Pro- 
gramme) programs. 
The MURI program focuses on 
development of gallium nitride mate- 
rials, devices, and circuits. The kick- 
off meeting for the program was in 
October 1996, and information on the 
program and their initial reports are 
readily available, thanks to the obvious 
efforts of William Schaff, over the 
Cornell University website http:// 
iiiv.tn.cornell.edu/www/schaff/muri. 
Emphasis in the programme is on 
developing new forms of amplifiers 
using unipolar GaN based transistors 
on SIC substrates. The eventual goal of 
low cost production of high perfor- 
mance components is at the heart of 
the effort, and it specifically addresses 
heterojunction field effect transistors 
(HFETs) and vertical ballistic transis- 
tors (VBTs). According to Cornell, 
“both structures have been demon- 
strated by the team members to exhibit 
world record microwave and milli- 
meter wave operation. 
At Cornell, record GaN HFET 
performances with f, of 40 GHz, and 
f max of 99 GHz have been demon- 
strated in transistors with more than 
40 V breakdown. Northrop Grumman 
SIC vertical transistors with more than 
450 W UHV pulsed output power, and 
modules with over 1 kW, have been de- 
monstrated. S-band vertical transis- 
tors wi,th over 35 W continuous 
output power have been produced 
with yields beyond 50%.” 
Les Eastman’s group at Cornell is 
closely allied with not only Northrup 
Grumman (ex-Westinghouse) but also 
with Michael Shur of Rensselaer Poly- 
technic Institute inTroy, NY. Like Les, 
Mike is one of the great names in 
GaAs development. The MURI con- 
tract monitor at ONR is Ken Slager, 
another familiar GaAs catalyst. At the 
base of all ONR and BMDO (Ballistic 
Missile Defense Organization) activ- 
ities in WBS development is Max Yo- 
der, whom even DARPA, NASA, and 
the US Air Force tend to defer to. 
Without a technology champion like 
Max at today’s WBS helm, I’m not sure 
if progress would be where it is today. 
APA Optics of Blaine, MN, is also 
on board the same US GaN bandwa- 
gon, and has reported its recent ad- 
vances in nitride electron devices at a 
variety of meetings, most notably at 
IEDM 96 in San Francisco in Decem- 
ber. Co-authors of a major invited talk 
given to IEDM attendees were Asif 
Khan, and his team at APA, Mike Shur 
of RPI, and J. Burm and Les Eastman 
of Cornell. 
At the meeting, the team reported 
that their GaN/AIGaN doped channel 
HFETs demonstrated “the highest fre- 
quency operation among all wide 
bandgap semiconductors because of 
excellent transport properties of two 
dimensional electron gas at the Al- 
GaN/GaN heterointerface, and a large 
sheet carrier concentration in the de- 
vice channel, with maximum fre- 
quency of oscillations above 100 GHz 
and cut-off frequency over 40 GHz. 
Asif will still be closely linked with 
the company, which is staged to get 
considerably more commercial now. 
Progress on their new manufacturing 
plant in Aberdeen, South Dakota, is 
expected to go well as the snow re- 
cedes. Perhaps Aberdeen (APA Op- 
tics-style), will become the hot new 
GaN ‘proving grounds.’ 
One of the pains shared by every- 
&e who has routinely read III-L's Re- 
view over these ten years is the shortage 
of funding for advanced instrumenta- 
tion in university laboratories. The 
ONR leads a multi-agency pro- 
gramme that encompasses all the ser- 
vices, called the Defense University 
Research Instrumentation Program or 
DURIP, which is primarily designed 
to improve the capabilities of US insti- 
tutions of higher education to conduct 
research and, secondly, to educated 
scientists and engineers in areas im- 
portant to national defense by provid- 
ing funds for the acquisition of 
research equipment. 
The DURIP programme might 
well provide a good model for others 
to follow, especially because the edu- 
cation of the next generation technol- 
ogy explorers is at stake. Under the 
DURIP program, ONR’s Colin Wood 
who is also a key contact for MURI, is 
the technical point of contact for the 
‘Group III Nitride Bulk Crystal 
Growth’ part of the programme, Sec- 
tion 15. 
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